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CHAPTER I
INTRODUCTION

I.

STATEMENT OF THE PROBLEM

This paper will attempt to determine the value of
placing more emphasis in secondary science instruction on
beneficial insects.

Is this somewhat neglected area of

knowledge important enough to have a significant place in
an already full curriculum?
II.

IMPORTANCE OF THE STUDY

The world is literally crawling with insects.

They

exist in such a myriad of colors, sizes, and numbers that
only 640,000 of the approximately two million species have
been described.

Unfortunately, the public knows a great

deal less about beneficial insects than harmful ones.
Although there is abundant literature concerning harmful
insects and how to control them, very little is written
about beneficial insects and how to utilize them.

As one

example, H. T. Fernald, in his book Applied lp.tomologz.
devotes 368 pages to the harmful relations of insects to
man and one page to beneficial relations (7).

As a result

of this biased amount of information, the term insect
holds a distasteful and sometimes fearsome connotation
for the average student.
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For several reasons the beneficial effects of insects
are not widely .known.

The effects of harmful ins.eats are

sometimes very dramatic.

Disease-carrying insects such as

the tsetse fly, carrier of the organism causing sleeping
sickness, or the anopheles mosquito, carrier of the malaria
parasite, and crop destroying insects such as the seventeenyear locust (cicada) or the boll weevil, scourge of cotton
growers, are known to everyone.

There is also the familiar

nuisance caused by the sucking and biting insects which
attack man himself.

Possibly this encounter with insects

first arouses fears about the members of the insect order
and these fears persist into adulthood.
Because of their fear of insects, not enough students
are aware of the actual beauty or interesting habits of
many insects which make them fascinating animals to observe
and study.
well known.

Few of the benefits derived from insects are
Most people are aware of the role of the honey

bee as a pollinator, but few people realize that there are
many additional important pollinating insects.

Almost no

one is aware of the role insects have played in medical
research and in medicine itself.

When an insect is seen

aiding in the breakdown of some dead organismt most people
are repulsed instead of admiring the insect's ability to
clean the landscape and add humus to the soil.
Because man's own welfare depends to a great degree
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upon insects and his control and utilization of them, it is
important that students be educated as to the values of
insects in order to eliminate prejudice towards them.

CHAPTER II
REVIEW OF THE LITERATURE
It is essential to determine the benefits of
insects to man before the importance of teaching this
body of knowledge to secondary science students can be
determined.

In this chapter the benefits will be con-

sidered under nine headings:

Insect Pollination, Com-

mercial Products Derived From Insects, Parasitic and Predacious Insects, Soil Insects, Scavenger Insects, Insects
as Plant Controls, Insects in Medicine and Scientific
Research, and The Aesthetic Value of Insects.
I.

INSECT POLLINATION

Pollination of plants is without a doubt the most
important service rendered to man by insects.

Nearly all

higher plants employ sexual means of reproduction.

Before

fertilization can occur, pollen grains must be transported
to the stigma or female part of a flower (12:56).

This

process is called pollination.
Plants are adapted for pollination in many different
ways, wind and insect pollination being the most common.
Flowers pollinated by the wind must produce large amounts
of pollen as most of the pollen will never reach another
flower (2:811).

The wind-pollinated plants are most of
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the conifer trees, grasses, and sedges (12:56).
Insect pollinated flowers produce less pollen than
wind-pollinated flowers, and this pollen is usually sticky
so that it adheres to the body of the insect when it visits
a flower.

More flowers are pollinated by insects than by

any other single means.

Insects have special adaptations

for carrying pollen from flower to nower.
gather pollen are found on many insects.

Hairs which
These hairs may

be on the legs, mouth parts, abdomen, or over the entire
body.

Honey bees have

a

specialized brush on one segment

of the hind legs which combs the pollen from its body hairs
into pollen baskets, also located on the hind legs (13:56).
Because of the slightly sticky nature of pollen, some
pollen will cling to the body' of an insect although it
does not have special adaptations.
Insects are attracted to nowers by various ways,
notably by color, odor, and the shape of a flower.

Many

nowers have evolved their form so that only certain
insects can enter them.

Therefore, they are very selective

in their pollinators (9:306).

Examples of this symbiotic

relationship between one species of plant and one insect
where neither could exist without the other include the
Yucca plant and Yucca moth and the Fig tree and the Fig
wasp.

The moth and the wasp are the only insects that can

pollinate the Yucca and Fig respectively, and these trees
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are the only means of food for the insects (10:214).
Pollination would be a much easier process, and
insects would not be as necessary if all plants could be
self-pollinated.

Many plants employ such means of prevent-

ing self-pollination as different maturing times for the
pollen and the ovary on the same plant.

Some plants are

self-sterile and must be cross pollinated.

Many others

can be self pollinated but will produce a much greater
yield if they are cross pollinated.

Cross pollination

prevents inbreeding and produces plants with greater vigor,
weight, and height (17:88).
Nearly all of man's fruit, field, and seed crops
are pollinated by a variety of insects, and some by only
one type of insect.

The more important polliniferous

insects are bees, fi1es, butterflies, moths, beetles, ants,
and thrips (7:34).

Of these, bees are the most valuable.

Fifty or more crops in the United States depend solely
upon bees for pollination (8:84).

At· first this is sur-

prising when one considers that the honey bee is not native
to the United States but was introduced from Europe.

But

it should be noted that many of the crops the bee pollinates
also were introduced from Europe.
The honey bee, Apis mellifera, is an excellent pollinator tor several reasons.

They can be domesticated and

they don't produce any stage that destroys crops.

One
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colony of bees will have a queen who will live for several
years, a few drones, and up to forty thousand workers which
live several months (7:354).

One acre of clover will have

approximately 316 million florets, each of which must be
visited by an insect to become pollinated.

One colony of

bees can visit three hundred thousand florets in a day.
Another reason that bees are good pollinators is their
habit of concentrating on one crop until it is through
blooming, thereby insuring that the right kind of pollen
will be left on the flower.

In alfalfa fields, honey bees

do 80 per cent of the pollinating, native bees do 15 per
cent, and the rest is done by other insects.

The value

of a honey bee as a pollinator is twenty times its value
as a producer of honey and bees wax (13:58).
While bees do most of the pollinating work, other
insects also make an important contribution.

Moths and

butternies hover over nowers and extend their long sucking tubes into the flower, gathering pollen as they suck
nectar.
odor.

They are attracted to flowers by both sight and
The moths depend on odor to the greater extent

because they usually fly at dusk.
There are two types of flies that feed on flowers:
short tongued flies and long tongued fiies.

The long

tongued flies are well adapted for feeding on nectar and
are similar to bees 1n their habits.

The short tongued
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flies are more numerous but poorly adapted to feeding on
nectar and, therefore, obtain most of their food from
other sources.

Beetles are not usually specially adapted

for feeding on flowers, but many beetles are attracted to
flowers by their odor and are quite active in pollination
(11:53).

II.

COMMERCIAL PRODUCTS

Insects are important for their commercial value.
They contribute to what we eat, what we wear, what we wage
war with, and the beauty of women's faces.

The honey bee

is not only the best poll1n1zer among the insects but it
also brings more money from commercial products than any
other insect in the world.

There are six million bee

colonies in the United States.

California and Ohio rank

first and second in the number of colonies.

California

has one million colonies and Ohio has 374 thousand.

One

bee colony makes a total of twenty thousand individual
trips to collect a pound of honey.

The total amount of

honey produced 1n the United States per year 1s two hundred million pounds.

A bee colony requires about four

hundred pounds of honey to meet the yearly requirements
of the hive.
keeper.

Only the excess oan be taken by the bee

This amounts to about fifty pounds per hive per

year {18:290).
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In addition to honey, about eight million pounds of
beeswax are produced each year in the United States.

Aside

from the familiar uses of honey and beeswax, they also are
used in cosmetics and lipsticks.

Honey has a bleaching

and antiseptic effect on the skin (5:284).
also used in candles.

Beeswax is

It had over one hundred military

uses during World War II, such as coating bullets, shells,
and airplane wings.
The use of silk dates back to 2500 B.

c.

It is

produced principally in the Orient, but Spain, France, and
Italy also have s1lk industries.

!he annual world silk

production brings 1n 425 million dollars.

!he silkworm

eats mulberry leaves, oak leaves, or other leaves depending upon the species.

One cocoon contains one thousand

feet of silk and it takes twenty.five thousand feet for
one pound of silk (2:814).
silks:

There are several types of

Japanese, Shantung, Tasar, Eri, and Muga, but mul-

berry silk, produced by Bomb7i !!2.tl, is the best type.
Shellac is another important product derived from
an insect.

The female lac insect, Laccifer lacca, secretes

a protective layer over itself during the larval stage and
does not emerge again until the adult stage.

The encrusta-

tions, one-fourth to one-half inch thick on certain tree
branches, are collected and ground.

Then it is melted and

dried in sheets which are processed into shellac.

The lac
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insect usually chooses the Figbanyan tree, and all shellac
comes from tropical Asia (18:298).

Twenty million dollars

worth of shellac is used in the United States every year
for su~h articles as the base for varnish, enamels, the
stiffening agent in shoes, tu.r, felt, and composition hats.
A beautiful red pigment comes from the dried, pulverized bodies of a scale insect, Coccus cacti (14:59)
which lives on prickly pear and other cacti.

It is pro-

duced in Honduras, Mexico, Peru, ilaeria, and Spain.

It

takes seventy thousand insects to produce one pound of dye
which will sell for three dollars a pound.

It is used in

cosmetics and for coloring fancy cakes, beverages and
medicines.

It is possible that in the .future more commer-

cial uses for insects may be developed.

III.

PARASITIC AllD PREDACJX>US INSECTS

Parasitic and predaceous insects play an important
role in insect control.

Insects reproduce in such vast

numbers that if there were no controls, insects in one
summer would over run the earth.

Even man with his insec-

ticides cannot control insects as well as insects control
themselves through parasitism and predation.
The entomophagous insects are those that live at
the expense of other insects.

They may be divided into

two groups, predaceous and parasitic insects.

Fifteen of
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the twenty-six orders of insects contain predaceous or
parasitic members.

Predaceous insects actually prey on

other insects, catching them and sucking their body juices.
They catch their prey by being stronger or larger or a
combination of both.

The true bugs, beetles, dragon

flies, lacewings, and flies are the groups that have the
most predaceous species (9:62).
Parasitic insects are usually smaller than their
hosts.

They may be parasitic as eggs, larvae, pupae, and

as adults.

(4:116).

The host can be in any stage from egg to adult
The typical parasite such as a bee or a fly may

lay its eggs in or on the host, which often is a caterpillar.
The egg, larva, and pupa stage might all develop within the
host, the adult emerging about the time the host dies,
often as the effect of the parasite.
Insecticides could do more damage than good (3:117)
by destroying more beneficial predaceous and parasitic
insects than harmful ones.

The Spotted .Alfalfa Aphid in-

vaded California alfalfa fields in 1954.

Insecticides

didn't kill enough of the aphids to be of any benefit
although they killed a good deal of the insect predators.
A parasitic wasp, the Trioxzs, was brought in and now the
aphid 1s kept in constant check by the wasp (19:78).
Predators from the original homes of such destructive
insects as the Japanese Beetle, European~ Borer, and
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the Oriental Fruit~ are being introduced to help control these immigrants.

Predators are such an effective

control of harmful insects that today more and more predators are bred and released to combat them.

IV.

SCAVENGER INSECTS

Because of the efforts of insects working in
conounction with maey fungi and bacteria, all decaying
organic material is eventually converted into humus (6:34).
Insects which teed on decomposing plants, animals, and
dung do a great service for man.

Unhealthful and obnox-

ious material is removed and at the same time is converted
to simpler substances which will become part of the soil.
Usually this will be rich organic material that will build
up the soil.

Wood-boring beetles, termites, and carpenter

ants are among the insects that help break down decaying
wood to humus (2:817).

The work of these insects also

leaves galleries and hallways in wood that facilitate
further breakdown by :fungi and bacteria.

Blow fiies and

carrion beetles in the larval stage help remove carrion
with surprising speed.
The work of scavenger insects is much more noticeable in tropical areas where each year ants eliminate
decomposing matter amounting to tons (8:396).

But in

ever1 part of the world scavenger insects play a needed
part in keeping the landscape clean.
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V.

SOIL INSECTS

Soil insects are much more numerous than is commonly known.

Some insects may spend their entire life

under ground, others spend only one stage underground, and
some may live above ground and sleep beneath the soil.
Insects work the soil with their burrowing, creating small
openings for circulation of air and penetration of water.
In digging they help break up the soil and bring rock
particles to the surface to be weathered and broken down
into soil (13:72).
Insects add to the richness of the soil in several
ways.
bodies.

They add humus with their waste material and dead
Some insects also bring organic material into the

soil in the form of leaves and dead animals.

This provides

food for their young and organic matter to enrich the soil.
This contribution of insects seems very small until one
realizes the tremendous numbers of insects working in the
soil.

In barren, dry soil as few as one million individuals

may be found per acre.

But in richer soil up to sixty-

five million individuals per acre will be present (6:32).
Although the individual effort may be small, the total
effort of soil insects does a great deal to enrich the soil.
VI.

INSECTS AS PLANT CONTROLS

Whether an insect is harmful or beneficial as a
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plant destroyer depends upon what plant it destroys.

In-

sects destroy many plants considered weeds and therefore
undesirable, but this means of weed control is not always
entirely beneficial.

Many insects will feed on weeds

until the.field crop is ready to provide a good meal.
happened in the case of the £.2!!!

~

Aphid (13:71).

This
There

is always the chance that an insect will entirely change
its feeding habits and feed on cultivated crops which
never were used for food before.

This has happened with

the very destructive Colorado Potato Beetle.
There are several classic examples of insects being
employed by man to eradicate destructive plants.

In 1840,

a doctor took a single potted prickly pear to Australia and
then gave away several slips of it
never seen nor heard of the cactus.
were optimum and it ran wild.

to Australians, who had
In Australia conditions

By 1925 it covered sixty

million acres and was spreading at the rate of a million
acres a year.

In 1925 a moth boEer Cactoblastis cactorum

·was introduced to combat the cactus plant.

The larvae of

the moth eats into the cactus leaving a gallery for rot
to work in.

Today the prickly pear is near extinction in

Australia, and as the food supply diminished, so did the
numbers of the moth (16:88).
Other efforts toward weed control by insects are
being carried on in California and the Pacific Northwest
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The Klamath weed, a noxious weed growing in Austra-

lia, New Zealand, Canada, and parts of the United States,
first appeared in Cal!fornia in about 1900.

It causes

losses by replacing desirable range plants and is toxic to
livestock.

However, actual death .from the weed is rare.

Attempts to control the weed extend back to 1920.

In 1946

a root borer beetle that could adapt to conditions in
California was released, supplemented by .further introductions of the beetle throughout the Northwest.

As a result

of these efforts the llamath weed appears to be on its way
out of the West Coast (16:86}.
VII.

INSECTS AS FOOD

Birds would rank first among animals that use
insects as food.

Two-thirds of a typical land bird's diet

consists of insects (15:234).

Most species of birds eat

some insect; mallY' species depend entirely upon them.

It

would be a different world, indeed, if our insect-eating
birds were absent from the daily scene because of a lack
of tood.
A typical .fresh-water fish depends upon insects
for two-fifths of its diet.

Fish feed mainly on aquatic

larvae of such insects as mayflies, stonefl1es,caddisflies, and mosquitos.

In addition, many other small

vertebrates depend upon insects for their subsistence.
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Some of these are toads, frogs, lizards, bats, skunks, and
moles (2:819).

One large mammal, the bear, eats enough

insects to make up a good percentage of his diet.
Man eats more insects and insect products than is
realized by most people.

The primitive civilizations in

all the tropical areas of the world relish a good meal of
larval termites or ants, but the adult queen is the grand
prize (1:68).

The larvae and pupae of bees, moths, crane

fiies, and wood boring beetles are eaten raw, dried, or
roasted by many peoples (13:60).
Insects as food are not limited to primitive civilizations.

Insects are eaten as supplementary food or a novelty

in many if not all parts of the world.

The people of

Jamaica consider a plate of fried crickets a delicacy.
Grasshoppers are a common food for many peoples.

Even

Biblical authority considered locusts to be clean food.
In South Africa roasted ants, said to have a texture and
taste similar to popcorn, are sold at the movie theaters
as a popular snack.
Dr. Bodenheimer, Professor of Zoology- at the University of Jerusalem, believes that the manna eaten by Moses
and the Children of Israel was a honey-like product of
aphids living in the Sinai region.

Sixty thousand pounds

of this manna are sold today in the markets of Baghdad and
other nearby cities (1:70).

17
Mexico has several types of food produced from insects.

Large insect eggs, about the size of bird shot,

from an aquatic insect are gathered from streams and lakes
and are dried and sold by the sackful.

These eggs are an

important ingredient in a certain type of cake.

Another

interesting insect food in Mexico is the Maguey worm, a
two to three inch worm that when roasted has a nutty
navor (1:69).

North of the Mexican border, .Americans can

find silkworm pupae, Maguey worms, canned ants, and fried
grasshoppers, but they are eaten only as a novelty.
It 1s interesting that European civilizations have
placed a taboo on eating insects while lobsters, crabs, and
shrimp, animals from the same phylum, are eaten.

But in

spite of the fact that insects have been proven by chemical
analysis to be high in nutritive value, they undoubtedly
never will be a grocer's best seller, even in the vitaminconscious United States.
VIII.

INSECTS IN MEDICINE AND SCIENTIFIC RESEARCH

Through the ages many insects have been thought to
possess healing powers of one kind or another.

!his has

been proved to be a fallacy, but some insects are very
valuable to medical science today.

cantharidin comes from

the body of blister beetles and has various medical uses.
It is used chiefly in the treatment of urinogenital
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disorders.

It has been used as a hairwash but was pro-

nounced unsafe and injurious.
ians for breeding purposes.

It is also used by veterinar11

Speo1fic Medicine Apis,u

extracted from the body of bees by means of alcohol, is
used in treating hives, diptheria, scarlet fever, and
dropsy (9:61).

Du.ring World War I the open wounds of men

in the field were often healing better than those in
hospitals.

Further investigation showed that maggots or

fly larvae would clean the decayed fiesh and leave less
scar tissue than if the wounds were treated under hospital
conditions.

Research on the larvae showed that they ex-

creted allantoin (2:82~, the curative agent.

illantoin

is now used in treating osteomyelitis.
The fruit fly, Drosophila, has been invaluable in
the study of genetics because of its short generation time.
Drosophila also has only four chromosomes and many external
genetic traits that can be observed.

Insects can be used

as an ecological index of an area by the types and numbers
living there.

Stream pollution can be revealed by the type

of insects that live in the stream.

Insects are naturally

the best organism to use when testing insecticides.

In-

sects are good animals for research because they take up
little space, are easy to raise and care for, and multiply
fast.
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IX •

.AESTHETIC VALUE OF INSECTS

The aesthetic value of insects is not easy to
measure, but insects are fascinating and interesting
creatures.

Mally'

people study or collect them as a hobby.

The large butterflies and moths are admired by a great
many persons.

Insects have been used :tor centuries as

patterns :tor art and jewelry.

The actual parts of some

insects are used in making pieces of jewelr7.

Earrings

of the shiny green elytra of :auprestid beetles are made
by Indians in Ecuador (9:65).
The sounds of some insects are pleasing to many
people.

The Oriental people keep crickets caged in their

homes for the pleasure of their songs.

Insect sounds have

inspired several famous pieces of music, Flight£! the
Bumble!!!, for one, as well as some literary works.

In

the English language alone, there are 1,200 excerpts from
poetry concerning insects and 75 complete poems on the
subject (13:73).

Nearl1 all people enjoy some insects in

some wa1s no matter how much they dislike others.

CHAPTER III
REASONS FOR PLACING MORE EMPHASIS
ON BENEFICIAL INSECTS
This chapter will give some ot the reasons more
information concerning the beneficial insects should be
included in secondary science classes.

The last part of

the chapter will deal with methods to develop the students'
interest in insects.
I.

LEAIUIING .ABOUT BE:NEIPIOIAL INSECTS
IN EVERYDAY LIFE

If dominance is measured by numbers, then insects
are indeed the dominal!lt animals on the earth today.
Insects outnumber the rest of the animals several times.
They are found living on every available piece of land and
under every conceivable condition.

Hence, insects can be

called a very euccess:f'u.l group and could be studied for
this reason alone.

It would be pointless to teach biolog-

ical science and not cover in some detail an animal that
comprises the dominant group on earth.

Here would be an

excellent opportunity to teach the importance ot reproductive capacity in the survival of an organism.
Students are not aware of many of the benefits,
monetary and otherwise, pointed out in Chapter II.

These
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direct benefits of insects to man should be taught to
students.
Many biological principles can be taught in connection with instruction on beneficial insects.

One of the

more obvious biological principles displayed by insects
is specialization.

The mouth parts of many insects are

externally specialized, as in the polliniferous insects
which have mouth parts especially adapted for reaching into
nowers and collecting nectar.

Another example of special-

ization is found in the symbiotic relationships of insect
to insect and insect to plants.
The principle of natural selection is very closely
allied with specialization.

It can be pointed out that if

individuals are specialized in such a way that they compete
better than other similar individuals, they will be the
ones to survive and perpetuate the race •.
Several principles concerning ecology are interesting to students.

The principle of predator-prey relation-

ships can demonstrate how harmful insects are kept in check
and how the predator becomes beneficial to man.

This in

turn can lead to study of population dynamics and how
predators can eventually restore balance to any population
explosion •

.Another area in which insects become beneficial

to man is in insect-plant relationships, insects control•
ling undesirable plants by feeding on them faster than the1
can propagate.
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Social behavior ot insects, in which insects form
colonies for the benefit ot the group, 1s a fascinating
subject.

Bees, ants, and termites with their well developed

colonies are excellent examples.

In the case of the honey

bee these societies can be utilized to the benefit of man.
Genetic principles such as dominance, recessiveness,
and mutation can be taught very well by studying and raising fruit flies.
in the laboratory.

Students can see the principles proven
In connection with genetics, evolution

and specialization can be discussed.

SU.ch devices as

protective coloration have come about through a combined
process of evolution, genetics, and adaptation.
II.

BUILDIBG INTEREST IB INSECTS

The best way to learn about insects is to come into
direct contact with them (2:859).

By actually handling them,

.tear of insects can be overcome and much more can be learned
concerning their habits and structure.

Making an insect

collection is an activity in which the entire class can
take part.

Collecting equipment need not be elaborate,

and insects can be collected from early spring until late
fall.

Collections can be of various types:

taxonomic groups, or illustrative.

synoptic,

They could also be

grouped in relation to their benefit to man.

In addition

to collections, students may engage in many individual
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activities and projects.

Charts showing life histories,

parts of the body, or wing venation could be made.

Displays

showing insect damage, insect benefits, and insect homes
are interesting projects.

Raising insects in captivity is

an activity that students like to carry out.

The easiest

insects to raise are silkworms, aquatic insects, ants, and
honey bees.

Field studies of populations, distributions,

and interrelationships of insects make good learning
experiences.

Many experiments with living insects can be

carried out.

Examples include testing insects' reactions

to odors, humidity, wind, or food, and how this information
can be utilized.

A very common type of experiment is one

using Drosophila in testing hereditary traits.

Photograph-

ing insects is one way of making an insect collection.

In

all of these activities, the student would be in close contact with the insects he is studying, enabling him to gain
a better understanding of a somewhat neglected subject.

CHAPTER IV

SUMMARY AND CONCLUSIONS
I.

SUMMARY

It has been pointed out in this paper that insects
are of value to man in several ways.

The one single action

that benefits man more than any other is the pollination
of plants.

It wouJ.d be difficult to estimate how many

millions of dollars are derived each year from crops pollinated by insects.

Other relationships of insects to man

that have a substantial monetary value include commercial
products derived from insects and the control of harm.fu.l
insects by parasitic and predaoeous insects.

Honer, bees-

wax, and silk are some of the more important commercial
products.

The value of parasitic and predaceous insects

is not fully appreciated b7 most people.

Without the aid

of these insects, crops would be totall7 destroyed. or the
cost of appl7ing insecticides would be greatly multiplied.
Man, benefits derived from insects cannot have
monetary values placed upon them; nevertheless, the1 are
valuable to man.

These would include such benefits as

enrichment of the soil by soil insects, aid 1n decay and
removal of debris by insect scavengers, the vital service
rendered by insects 1n medicine and research, and the
aesthetic value of insects.

Insects also have value as a
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food substance.

The use of insects as food is negligible

in most areas, but in some tropical areas, insects comprise a large portion of the diet.
Students can be best stimulated to understand and
appreciate the contributions of insects by direct contact
with them.

Projects and activities involving insects are

means of providing this contact.
II.

CONCLUSIONS

Insects do make vital contributions to man, but
unfortunately the benefits derived from insects are not
generally understood.

For man to fully utilize his environ-

ment, the misconceptions about insects and their value
must be corrected.

Therefore, it can be concluded that

because of the many contributions of insects to man, a
knowledge of insects and their value would be pertinent

subject matter in secondary school science classes.

BIBLIOGRAPHY

BIBLIOGRAPHY
1.

Bates, Marston. "Insects in the Human Diet," Science
Digest, 47:66-71, March, 1960.

2.

Borror, Donald J., and Dwight M. Delong. An Introduc.lli!! !Q. lS!, Siu~{ 2£ Insects. New York: Rinehart
and Company, 9 •

3.

Buchhe1ster, Carl w. "What A.bout Problem Birds?"
.A.uduobon Magazine, 62:116-118, Ma7, 1960.

4.

Cheesman, Evelyn. Insects, Their Secret World.
York: William Sloane Associates, 1953.

5.

Clausen, Lucy-. "Strange Uses for Insects, 11
History, 63:284-85, June, 1954.

6.

Duncan, Carl D. Science Guide !2.£ Elementary Schools.
Sacramento: California State Department of Education, 1937.

7.

Fernald, H. T. and Harold H. Shepard. Applied Entomol2i5Z,, New York: McGraw-Hill Book Company, Inc., 1955.

8.

Folsom, Justus w. EntomQ~ogv. Philadelphia:
Blakiston's Son & Co., 1906.

9.

Frost, s. w.
New York:

New

Natural

P.

Insect Life and Insect Natural H1storz.
Dover Publici'trons, Inc., 1959.

10.

Gaul, ilbro T. The Wonderful World of Insects.
York: Rinehart & Company, Inc., ~53.

11.

Grant, Verne. "The Fertilization of Flowers,"
Scientific Am.er1can, 184:52-56, June, 1951.

12.

Metcalf,
Life.

13.

Metcalf, c. L., W. P. Flint, and R. c. Metcalf.
Destructive and Useful Insects. New York: McGrawRill Book Company, Inc., 1951.

14.

Metcalf, z. P. A ! g ! - ~ ,2! Ecgnom1c Zoology.
Philadelphia: Lea &""""Fe"beger, 1930. ·

15.

Pickwell, Gayle et al. Insects. San Francisco:
Williams Publishing Comp8J'l3", 1935.

.New

L. and w. P. Flint. l:HP:damentals g! Insect
New York: McGraw-Hill Book Company-, Inc., 1932.

c.

27

16.

Schaeffer, Charles. "Pests on Pedestals," Ooronet,
48:85-88, October, 1950.

17.

United States Department

18.

Wardle, Robert A. !!!!. Principles .2! Applied Zool25y.
London: Longm.ans, Green and co., 1929.

Agriculture. Insects, !he
Washington, D. o.: Un ted
States Government Printing Office, 1952.

Yearbook

2!

of

Agriculture.

"War With The Insects," Life, 52:76-83, May 11, 1962.

